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This study investigated the allelopathic effects of Medicago sativa L. on the germination characteristics of weed 
rye (Secale montanum L.) Guss. In order to study the allelopathic effects of different concentrations of aqueous 
extract (0, 10, 20 and 30%) of different M. sativa parts (root, leaves, stem and aerial parts of the plant including 
(stems, leaves and flowers) on initial growth of rye (S. montanum) seedlings a factorial experiment arranged in 
RCB design was carried out with three replications in the greenhouse of Agricultural College, Mahabad Islamic 
Azad University in 2017. The greenhouse data showed that the plant height, root and biomass dry weight of the 
weed decreased so that the declining trend had a significant effect (p≤0.05) on all traits of rye studied in the 
present experiment. Among the aqueous extracts of M. sativa that of the root had the greatest allelopathic 
potential.  
Keywords: allelopathy; extract; germination. 
  
INTRODUCTION 
The presence of weeds causes serious losses to agricultural production, both in 
quantitative and qualitative terms, because they constantly compete spatially 
with crop plants, limiting the available amount of nutrients, light and moisture. 
Weeds are very good colonizers, reproduce faster, produce a large number of 
small seeds with very prolonged viability in soil and survive in the most adverse 
situations, becoming part of the persistent soil seed bank. On average, weeds 
cause a yield crop reduction estimated at around 34% (Oerke, 2006). The increase 
in world population and the simultaneous decrease of the available resources, 
have led agriculture to indiscriminate use of synthetic herbicides for weed 
management. This wide usage has led to serious problems, such as the evolution 
of herbicide-resistant weed populations and the negative impacts on 
environmental, human and animal health (Jabran et al., 2015). The ethyl acetate 
extract cardoon (Cynara cardunculus L.) had the highest inhibitory activity on the 
germination and growth of standard target species (lettuce, watercress, tomato, 
and onion) and weeds (barnyardgrass and brachiaria) (Rial et al., 2014).  
Allelopathy is described as the direct/indirect positive and negative effects of a 
plant on another plant through the release of chemicals into their adjoining 
environment, i.e., sometimes the increase in the concentration of such chemicals 
may have stimulating effects instead of preventive ones (Koloren, 2007). Chon et 
al. (2002) considered the Medicago sativa L.  a plant with allelopathic 
characteristics to other plants and stated that its water-soluble materials include 
cyanamic acid and its derivatives, ferulic acid, vanillic acid, hydroxybenzoic, 
cucomarine, transcyanamic, caffeic acid, and saponine. Allelopathic effects of M. 
sativa on other crops and weeds are well established in the research (Dobosz and 
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Krawczyk, 2021). Koloren (2007) studied the allelopathic effects of M. sativa and Secale montanum L. leaf and root 
extracts on weeds and reported that germination and radicle length of all species were reduced by the extract from 
M. sativa and V. cracca leaf and root at different percentages. Increasing the water extract concentrations from 5 to 
50% of test plants parts significantly increased the inhibition of all weed species germination and radicle length. 
The results of the research involving Tanacetum Vulgare vegetative organ (root, leaf, stem, and flower) aqueous 
extracts indicate the presence of some chemical compounds with an allelopathic effect of inhibition. The aqueous 
extracts obtained from the species T. Vulgare showed negative influences both in the seed germination and in the 
growth of wheat (Triticum aestivum L.) plants. The most inhibiting effect was registered in the case of leaf and flower 
aqueous extract treatments. The species barley (Hordeum vulgare L.) shows high sensitivity by inhibited 
germination and plant growth immediately after springing both in leaf and in flower aqueous extract treatments 
(Hodisan, 2009). 
 Allelopathy plays an important role in agricultural systems. Stems and roots of plant extracts such as millet 
Prussia inhibit seed germination and seedling growth (Abdalla et al, 2021). Previous studies have shown that certain 
chemicals released by plants are the main reason for their inhibition of algae growth (Neilen et al., 2017). These 
compounds, called allelochemicals, can destroy the cellular structure and affect physiological responses of algae 
such as photosynthesis, etc. (Yu et al., 2019). Allelochemicals, with the characteristics of biodegradability, natural 
origin and less pollution than traditional algaecides, may act as natural biocides to control algal blooms (Tan et al., 
2019). Darier and Youssef (2000) reported that the aqueous extract of M. sativa decreased the root length and dry 
weight of garden cress (Lepidium sativum L). The present study sought to investigate the effects of M. sativa extract 
on seed germination and some morphological characteristics of Rye, which is an important weed in farms and 
pastures. 
 
MATERIALS AND METHODS 
Experimental design was performed as a factorial in a completely randomized design with three replications. 
Factors studied included M. sativa (root, stem, leaf and whole of the plant including (root, stems, leaves and 
flowers)) and four levels of watery extract (0 (distilled water), 10, 20 and 30%). This experiment was performed in 
2017 in the greenhouse of the Agricultural College, Islamic Azad University, Mahabad in Iran. The present study was 
carried out under greenhouse conditions, with 23±5 °C, 60% relative humidity and 70% water-holding capacity of 
the soil. The planting was carried out in plastic vases with the capacity of 3 kg each which were filled with 3 kg of 
soil (pH=7.95, Ec=0.46 ds/m). In every vase, 25 sterilized seeds of M. Sativa L (Qarayonjeh Cultivar) were planted 
and irrigated. The plants' growth continued until 50% flowering. For sampling, 10 healthy and hemophonotype 
seedlings (identical in appearance) of M. sativa were kept in each vase and field care was performed for them up to 
50% of flowering for all vase and plants containing them. Then the M. sativa bushes were gently removed from the 
vases, their limbs including leaves, stems and roots were separated by cutters. The limbs were dried separately and 
kept in a paper bag each. 
In order to prepare the aqueous extract, the organs roots, leaves, stems and flowers of M. sativa were collected 
from the vases during the flowering stage and after cleaning them in the dry shade, they were pulverized by an 
electric grinder. To prepare the extract, 100 g of powder was weighed and poured into an Erlenmeyer flask and 1 
lit of distilled water was added to it. The resulting mixture was shaken by a shaker for 24 hours at laboratory 
temperature at 100 rpm. The resulting solution was passed through two filter layers and from the obtained extract 
solutions with concentrations of zero (distilled water control for check), 10, 20 and 30 volume per cent were 
prepared. 
The seeds of rye (S. montanum) were obtained from the herbarium of the Agricultural College which had been 
collected the previous year. First, the rye seeds were sterilized with 70% ethanol for 30 seconds and 1% 
hypochlorite for 10 seconds. Then 12 seeds were planted each in a vase. The vases were immediately irrigated with 
definite concentrations for each treatment and replication based on the experimental planting plan. Early in the 
experiment, vases were irrigated once every other five days, and at the end (48 days after emergence) they were 
irrigated once every other seven days (with 150 cc). For calculation of the germination velocity, the following 
equation was used (Ellis and Robert, 1981): 
 
MGT = Σ (D.N)/ΣN 
MGT= average germination period (Mean Germination Time), D= Days after the start of the experiment, N= number 
of seeds germinated in the desired day and plants were grown in a vase for 42 days and were harvested in the vase. 
The measured traits were germination velocity, plant height, leaf dry weight, stem dry weight, root dry weight, and 
aerial parts of the plant (including stems, leaves and flowers). Data were analyzed by the SPSS 24 program, and the 
means comparison was done by the MSTAT-C 2.10 program using Duncan's multiple range test at p≤0.05.  
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RESULTS AND DISCUSSION 
According to the results, plant height, dry weight of leaves, roots, stems, whole plant and germination rate of rye 
plant were affected by the extract concentrations. Different plant organs were significant on plant height, root dry 
weight, stem and total plant. Also, the interaction effect of concentration in plant organs had a significant effect on 
three traits of plant height, root dry weight and total plant (Table 1). 
 




















3 591.49** 0.76** 1.6** 0.380** 25.89** 93.8** 
Plant part (P) 3 71.67** 0.011ns 0.98** 0.013** 1.25** 3.79ns 
E * P 9 10.56** 0.017ns 0.47** 0.002ns 0.306** 0.208ns 
Error 32 0.5 0.011 0.096 0.001 0.07 2.7 
CV %  2.47 2.99 23.83 11.71 10.84 12.55 
* and **: significant at p≤0.05 and p≤0.01, respectively. ns: no significant difference 
Nonetheless, the comparison of the means showed that maximum concentration and distilled water resulted in 
the lowest and highest germination velocity respectively. In the present study, by increasing the concentration of 
aqueous extract from zero to 30%, the germination speed decreased (Figure 1). The germination velocity is 
influenced by the seed’s inner metabolism and the release of ATP so that the more water that is absorbed, the 
greater the germination velocity and seed vigour. This may be related to a decrease in enzyme activities, such as the 




Figure 1. Means comparison of different aqueous extract concentration effects  
on germination speed 
 
Also, the result of various factors (such as decreased mitosis divisions in roots, decreased activity of catalytic 
enzymes, and disruption of the absorption of mineral ions occurring in the presence of allelochemicals) caused a 
decrease in plant growth (Takasi et al., 2011). The soil Ec was about 0.46 ds/m, which is suitable for all plant seeds 
to germinate. Hence, the concentration of the aqueous extract of different M. sativa parts is expected not only in 
respect of allelochemicals but also by decreasing osmotic potential the seeds’ water absorption is disrupted and 
seeds’ germination is delayed, leading to a decrease in germination speed. Cell elongation is influenced by 
allelochemicals and, through the prevention of gibberellin and indoleacetic acid (IAA), from functioning. According 
to different studies, the different concentrations of the M. sativa aqueous extract can retard the germination of 
goosefoot (Chenopodium album) seeds (Takasi et al., 2011). 
By comparison, the 30% root concentration had the lowest plant height (15 cm), which was significantly 
different from the 30% concentrations of leaves, stem, and shoot, while the highest plant height (38 cm) resulted 
from the distilled water. It is thought that since M. sativa is a perennial forage crop, it genetically transfers of 
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assimilates at the beginning of growth to the roots, and that is why the concentration of the allelopathic materials 
increases in roots. It is for this reason that the root extract has a greater effect on the decrease in the stem height of 
rye (Figure 2). Hence, it seems that the allelopathic characteristics of M. sativa cause a decrease in the absorption of 
nitrogen by the roots. Allelochemicals may decrease length division velocity by influencing cell division thus 
resulting in decreased plant height. The significance of the interaction shows that both the extract concentration 
and the extract type have significant effects on the decrease in plant height. Plant height increases through frequent 




Figure 2. Means comparison of the plant part interaction and aqueous extract concentration  
on the rye plants height 
 
However, according to the table of means comparison, the 30% concentration and the distilled water resulted 
in the lowest and the highest leaf dry weight (Figure 3). One of the reasons for an increased leaf dry weight is the 
development rate of the leaf blade, and its number and thickness. By increasing the allelochemicals around the roots, 
the water uptake becomes more difficult and root hydraulic conductivity decreases, especially in Gramineae plants. 
Since the turgor of leaf cells occurs by water absorption by decreasing the rate of water absorption, the leaf 
development decreases, the production of photosynthetic assimilates and the leaf photosynthetic efficiency 
decreases, resulting in a decrease in leaf dry weight.  
 
 
Figure 3. Means comparison of aqueous extract concentration effects on leaf dry weight 
 
An increase in the root dry weight is possible through an increase in the root length, number of roots, root 
volume, and mass. The root is the primary contact area with the allelochemicals present in different extracts 
resulting from irrigation. A leaf is a place for photosynthesis and the production of secondary metabolites in the 
plant. The reason may be that the 10% aqueous extract of the leaf is better absorbed or the allelopathic efficiency 
may change by increasing the aqueous extract concentration, which is questionable. However, the root dry weight 
decreased with both concentrations (Figure 4). The results of the study of the allelopathic effects of the aqueous 
extract of canola remain on the weed’s seed germination conducted by Golzardi et al. (2009) indicate the diversity 
of extract behaviour from different plant parts. Hence, the greatest decrease in root dry weight belonged to the 
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Figure 4. Means comparison of the interaction between aqueous extract concentration and plant part  
on root dry weight 
 
As stated by Beniase et al. (2009), the aqueous extracts of cocklebur and goosefoot had significant effects on the 
morphological characteristics of savoury in that the root dry weight decreased. Since the root tip (apical meristem) 
is the zone for cell division and auxin production, it is swiftly influenced by allelochemicals; the respiration and 
oxidative phosphorylation increase, leading to a decreased root dry weight. Concerning the shoot dry weight, the 
analysis of variance showed that there was a significant difference between the plant parts and the aqueous extract 
concentration. However, the comparison of the means table showed that the lowest and the highest shoot dry 
weight resulted from the 30% and distilled water concentrations respectively (Figure 5). However, there was no 
significant difference in the different plant parts. An essential way of increasing shoot dry weight is the absorption 
of nutrients such as nitrogen. Reportedly, the phenyl in allelochemicals decreases the absorption of nutrients, 
generating a decreased shoot growth, and eventually a decreased shoot dry weight (Norouzi et al., 2016). 
 
 
Figure 5. Means comparison of the aqueous extract concentration effects on shoot dry weight 
 
It is obvious that when the allelochemical’s extract concentration increases, the absorption of water and 
nutrients decreases. Stem growth and height increase occur through an increase in the length of the internode. For 
the roots to absorb water, the water potential of root cells should be lower than that of soil water (ψRoot Cells Water 
< ψSoil Water). But, by increasing the aqueous extract concentration in the soil, the osmotic soil potential decreased 
more than the osmotic potential of root cells. For this reason, the water absorption decreased severely.  A decrease 
in the water absorption results in a reduced plant height as reported by several researchers (Tawaha and Turk, 
2003; Ismail and Chong, 2002). Owing to water stress, the cell turgidity and gibberellin secretion declined, leading 
to a decrease in plant height and dry weight of the shoot.   
As claimed by Safahani and Ghooshchi (2015), the aqueous extracts of fleabane (Erigeron Speciosus), common 
cocklebur (Xanthium strumarium), and Russian knapweed (Acroptilon repens) had significant effects on the 
morphological characteristics of savoury, so that the stem dry weight of wheat decreased. Also, an increase in the 
extract concentration of cocklebur intensified the decrease in the shoot dry weight of wheat. Since the stem tip 
(apical meristem) is the zone for cell division and auxin production, it is swiftly influenced by allelochemicals; 
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respiration and oxidative phosphorylation increase, leading to decreased stem dry weight. The highest fresh weight 
resulted from the distilled water, not being significantly different from each other. The interaction of plant fresh 
weight shows that by increasing the aqueous extract concentration, the biomass decreases (Figure 6). A plant’s 
biomass is the result of photosynthesis system function. The more efficient the photosynthesis system, the greater 
the volume of shoot, root, and biomass. In the present experiment, all applied concentrations for the preparation of 
the aqueous extract caused the biomass of the plants to decrease. However, the 30% root aqueous extract was more 
efficient in reducing the biomass. 
The reason why the extract from the M. sativa root functions more effectively may relate to the amount or 
concentration of allelochemicals in M. sativa roots. The compounds that have allelopathic characteristics found in 
large quantities in M. sativa roots are Caffeic acid, Pcoumaric acid, p-OHbenzoic acid, Quercetin, Saponine, and 
Phenol acids, such as Ferulic acid, Chlorogenic, isochlorogenic acid and Salicylic acid. It is assumed that each one of 
these compounds influences a part of the physiological and biological processes in different cells in the roots and 
shoots. Owing to the accumulation of these compounds in the roots, the possibility of the effectiveness of high 
concentrations in the roots is justifiable (Makkizadeh Tafti et al., 2011). Rashed Mohassel et al. (2009) studied the 
effects of leaf and root extracts of saffron on goosefoot and pigweed seedlings growth. They reported that the root 
and leaf extracts of saffron decreased the biomass of both weeds. Plant biomass is influenced by the growth of plant 
shoot and root. According to the present study, allelopathic materials noticeably decreased the biomass weight by 




Figure 6. Means comparison of the interaction between aqueous extract concentration  
and plant part on biomass 
 
CONCLUSION 
The results of this experiment have two specific messages: A) the physiological response of the rye plant at the 
beginning of germination to the growing environment. B), the importance of allelochemicals in nature and the 
environment, which reflects the fact that: Allelopathy plays important role in farming systems. Stems and roots of 
M. sativa extract prevented seed germination and growth of rye (S. montanum) seedlings. All treatments inhibited 
the seed germination and seedling growth (plant height, root and biomass dry weight) of test crops over control. 
Thus, sowing of S. montanum after the preceding crops of M. sativa should be avoided. Further research is required 
to identify the allelochemical components and their amount in M. sativa residues causing the inhibitory effects. 
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